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Abstract 
The current work focuses on the Queen’s University Solar Liquid Desiccant Cooling Demonstration project. A solar 
Liquid Desiccant Air Conditioning system (LDAC) has been installed at a field site in Kingston, Ontario, Canada, 
and is currently being tested to evaluate the performance of the system when driven by solar energy. The installed 
system features a low-flow parallel plate liquid desiccant air conditioner, and a 95m2 evacuated tube solar collector 
array. While summer testing has only recently begun, five test days have shown an overall solar collector efficiency 
of 56%, solar fraction of 63% and a thermal COP of 0.47. The average total cooling was 12.3kW and average latent 
cooling was 13.2kW. The solar array was also operated between October 2011 and May 2012 and heat was rejected 
using a dry cooler. Over the heating season 18,800kWh were collected with an average collection efficiency of 61%. 
TRNSYS simulations over-predicted the amount of energy collected by 13% (21,264kWh) likely due to failed 
vacuum tubes, snow cover of collectors, and improper sensor location.   
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1. Introduction 
Solar cooling is a promising application of solar thermal technology since the cooling load is well 
correlated to the overall solar availability. Additionally, a solar combi-system which includes heating and  
cooling, allows collectors to be used year-round, improving the economic performance of the system. Air 
conditioning systems driven by solar energy can save primary energy and reduce peak power 
consumption, which is particularly important for utility providers in the summer months.  
Nomenclature 
COP Coefficient of performance, dimensionless 
K  Efficiency, % 
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Ta Ambient Temperature, qC 
Tin Inlet Temperature, qC 
G Incident solar radiation, W 
SF Solar Fraction, % 
Qaux Auxiliary Heat Energy Required, kWh 
Qload Heat required by LDAC (Load Energy), kWh 
The current work focuses on the Solar Liquid Desiccant Cooling Demonstration Project at Queen’s 
University, which aims to evaluate the feasibility of solar liquid desiccant cooling in Canada and other 
temperate climates. In phase I of the project, a liquid desiccant air conditioner (LDAC) was tested with a 
gas fired boiler to simulate solar energy. The system was then characterized based on experimental 
results. In phase II of the study, currently in progress, a 95m2 solar thermal array was installed and 
instrumented. During the summer of 2012 the LDAC will be monitored when driven by solar energy and 
experimental results will be used to validate system models. 
As shown in Fig 1. Cooling loads in Canada are dominated by dehumidification or latent cooling. 
Insufficient dehumidification can result in occupant discomfort, as well as mold and mildew growth. In 
traditional vapour compression (VC) air conditioners air is cooled below its dewpoint and water vapour 
condenses on a cooling coil, removing moisture from the air. Air is then reheated to the desired delivery 
conditions. Conversely, liquid desiccant systems use the hygroscopic properties of a salt solution to 
dehumidify air. Common desiccants for air conditioning applications include LiCl, LiBr, CaCl2 and 
KOOH. Process air is brought into direct contact with the concentrated desiccant in the conditioner, and 
moisture is transferred from the air into the desiccant. Since the heat of condensation is released in the 
absorption process cooling water must be used to maintain conditioner effectiveness. In the regenerator 
hot water drives off the absorbed moisture and re-concentrates the diluted desiccant.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Latent and sensible Ventilation Load Index (VLI) for several cities with a set point of 24C and 50%  relative humidity 
Liquid desiccant cooling is particularly well suited to solar applications as it requires low temperature 
heat (50-90qC) and allows for high density lossless energy storage in the form of concentrated desiccant. 
When comparing liquid desiccant systems to solid desiccant, or rotary wheel dehumidifiers, the ability to 
store energy is an important benefit for solar applications.  
LDAC systems are often configured as Dedicated Outdoor Air Systems, which pre-condition 
ventilation air and offer better control over delivery air humidity. Evaporative coolers or under-sized 
vapour compression chillers can be used for additional sensible cooling.  
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2. System description
Two main systems were experimentally evaluated at the field testing site: the liquid desiccant air
conditioning system, and solar thermal array. The LDAC system studied by Jones [1], and Andrusiak and 
Harrison [2-4] was also the focus of this study, and is a prototype commercially available low flow 
desiccant system designed for building applications [5]. In the current work, a solar array was added to 
provide heat to drive the LDAC. Figure 2 shows the configuration of the solar driven LDAC and photos 
of the LDAC and solar array installations are shown in Fig. 3 and Fig 4.
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Fig. 2. Simplified schematic of solar driven liquid desiccant air conditioner
Fig. 3. (a) Installation of solar array (b) Liquid desiccant air conditioner (right) at field testing site
The installed LDAC air handling unit uses low-flow parallel-plate heat and mass exchangers, as both
the conditioner and regenerator [5]. Desiccant flows in a thin wick down the outside of the plates, while
cooling/heating water is circulated through the plates internally. The low-flow design eliminates carryover 
of desiccant into the air stream [5] and improves the storage capacity due to the higher air to desiccant 
mass flow ratio [6]. The conditioner, regenerator, pumps, and desiccant sump are configured in an air 
handling unit, which also contains the control and data acquisition equipment. Figure 4 shows a schematic 
of the liquid desiccant air handling unit and instrumentation.
In phase I of the study, the LDAC was tested using a 90kW gas boiler to simulate a solar input. Results
indicated that increased heating water temperature resulted in higher performance. Evacuated tube
collectors were therefore selected for the solar array, since they provide higher temperature heating water
(70-90qC) with reasonable efficiencies [1]. Table 1 summarizes the operating conditions and experimental
results from the Phase 1 testing.
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Fig. 4. Schematic of liquid desiccant air conditioning equipment and instrumentation used in Phase I testing [2] 
Table 1. Phase I operating conditions and experimental results 
 System Parameter Results  
Controlled 
Parameters 
Process Air Flow (L/s) 1200  
Hot Water Flow (L/min) 90 
Cold Water Flow (L/min) 130 L/min 
Desiccant Concentration (%wt) 25.64-42.73  
Conditioner Desiccant Flow (L/min) 5.3  
Regenerator Desiccant Flow (L/min) 6.5  
Heating Water Temperature (°C) 50 - 90 
Results 
Measured Latent Cooling Capacity (kW) 4.5 – 23.3 (1.3 – 6.6 tons) 
Measured Total Cooling Capacity (kW) 4.8 – 18.1 (1.4 – 5.1 tons) 
Thermal Coefficient of Performance (-) 0.4-0.6 
 
The ground mount solar array was installed in the summer of 2011 and consists of 24 evacuated tube 
solar collectors arranged in five parallel collector banks. The collectors were oriented at an angle of 45 
degrees and cover a gross area of 95m2 (1022sq. ft). Two different collector types were used in the array, 
and their specifications are summarized in Table 2. Hydraulic balancing valves were installed to ensure 
balanced flow through each collector bank, and banks were designed to ensure the outlet temperature of 
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each bank would be the same (same number of vacuum tubes). Figure 5 shows the plumbing schematic of 
the collector field.  
Table 2. Solar Array Specifications  
 Collector Type 1 Collector Type 2  
Gross Area (m2) 3.68 4.26 
Absorber Area (m2) 2.08 3.02 
Number of tubes per collector   20 30 
Quadratic efficiency curve parameters (based on 
absorber area)  
ߟ ൌ ܽ଴ െ ܽଵ ௜ܶ௡
െ ௔ܶ
ܩ െ ܽଶ
ሺ ௜ܶ௡ െ ௔ܶሻଶ
ܩ  
ao= 0.776 
a1 = 0.5288 W/m2K 
a2= 0.0171 W/m2K2 
ao= 0.7750 
a1 = 2.0589 W/m2K 
a2= 0.006154 W/m2K2 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Plumbing schematic and instrumentation of solar array 
The system can be directly or indirectly connected to two storage tanks, totaling 870L of hot water 
storage. The tanks are not intended as a full-scale thermal storage but instead a buffer between the air 
conditioning hot water and solar collector loop. The system was operated as a direct solar thermal system 
(collector fluid was circulated through the tanks), but the heat exchanger also allows it to be operated 
indirectly. The boiler provides auxiliary heat to the LDAC and can be connected to the solar tanks in 
series or parallel. The collector circulator (P1) and pump between the regenerator and buffer tanks (P2) 
are high efficiency variable speed pumps, which provide additional testing and control configurations. 
The array was fully instrumented to experimentally asses the performance of the solar thermally driven 
system. Industrial grade thermocouples were used to measure the inlet and outlet temperatures of each 
collector bank.  Two hot water flowmeters were installed to measure the flow through each row of 
collectors, and a pyranometer was used to measure total solar radiation. A datalogger was installed on site, 
to continually monitors the array while transmitting data to the Internet. The array was controlled 
separately from the LDAC unit by a commercially available differential temperature solar controller. The 
collector circulator pump was turned on when the collector temperature was 7 degrees higher than the 
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tank temperature. The controller also provided stagnation protection by operating two thermostatically 
controlled solenoid valves which divert flow to a 56.5kW dry cooler if the collector temperature exceeded 
a given set-point. Finally, an 8kW natural gas powered generator was installed to provide backup power to 
the pumps and dry cooler in case of a power outage.  
3. System performance measures  
Thermally driven cooling systems are most often characterized using the Thermal Coefficient of 
Performance (COP), which represents the ratio of cooling energy to heat input over a specified period of 
time. Alternately the electrical COP is the ratio of cooling energy to electrical input energy which is 
required to drive pumps and fans. The capacity of the system (kW) is also an important measure as it must 
be able to meet the cooling load for the building in which it is designed to operate.  
For a solar cooling system, the solar collector efficiency and solar fraction are used to quantify the 
performance of the solar array. The collector efficiency, K, is the ratio of collected energy to incident solar 
energy and can be specified based on total area or absorber area. The solar fraction represents what 
percentage of the load is met by solar energy and can be calculated using Equation 1.  
ܵܨ ൌ ͳ െ ொೌೠೣொ೗೚ೌ೏       (1) 
4. Experimental results 
4.1. Preliminary results from Summer 2012 testing  
The solar liquid desiccant cooling system will be monitored throughout the summer of 2012 to gain 
insight into the performance and to compare experimental results with TRNSYS simulations. Currently 
limited operational results are available since it is early in the cooling season. Additionally, unforeseen 
circumstances were encountered when re-commissioning the LDAC. The machine had not been tested 
since 2009 and both desiccant pumps as well as several sensors required replacement/repair.  
The LDAC was operated between the hours of 8am and 6pm for five days in June and July of 2012. 
The storage tanks were connected in series with the boiler, which provided auxiliary heat to maintain a 
75qC set point. The regenerator was turned on when the relative humidity of the process air was above 
30%. Table 3 summarizes the ambient conditions and experimental results from the test days and 
compares them to previously simulated TRNSYS results. The listed TRNSYS results are averaged daily 
values from simulations using Typical Meteorological Year Data for Toronto Ontario in July and August.  
When compared with simulations, it is clear that the LDAC performance was slightly lower than 
expected, and lower than was observed in previous years of operation [1, 2]. The reduction in 
performance may be due to lower overall desiccant concentration, inadequate wetting of conditioner 
plates, and less humid weather conditions. As testing continues throughout the summer we hope to 
identify the reason(s) for the reduced performance and make necessary changes to the system. Figure 6 
shows the conditioner inlet and outlet air conditions during testing for June 29th 2012. The spikes in the 
outlet humidity measurement are caused by the desiccant sampling procedure, which requires the 
conditioner door to be opened.  
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Table 3. Experimental results from summer 2012 solar LDAC testing  
  (June 2012) July (2012) Predicted 
 21 27 28 29 4 - 
Average Ambient 
Temperature (qC) 28.5 24.0 23.4 27.6 28.3 - 
Average Ambient Relative 
Humidity (%)  64.3 37.7 57.2 53.7 69.3 - 
Average Ambient 
Humidity (g/kg) 15.8 6.8 10.2 12.2 16.7 - 
Average Total Cooling 
Power* (kW) 14.5 8.6 9.4 12.8 14.1 14.9 
Average Latent Cooling 
Power (kW) 16.5 6.7 11.2 12.7 16.9 18.3 
Average Process Air 
Humidity (g/kg) 10.8 4.7 7.0 8.1 11.6 5.55 
Daily Thermal COP (-) 0.45 0.46 0.45 0.49 0.48 0.52 
Daily Solar Efficiency 
(absorber area) (%) 60.5 54.2 57.6 59.0 54.7 55.5 
Daily Solar Fraction (%) 66.0 71.0 72.3 70.4 52.0 64.7 
 *note that total cooling capacity is typically less than the latent cooling due to sensible heating of 
the process air stream  
  
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. Conditioner performance for June 29th 2012 
The solar array performed as expected on the five test days, with an overall efficiency of 56% and solar 
fraction of 63%. Figure 7 shows the hourly energy for June 29th 2012. It is clear that from 10am until 
4pm the solar array was able to provide the load with 100% of the required heat. The collected energy is 
higher than the load as some energy is stored, and some is lost to the environment (15%). When these 
losses are taken into account the solar efficiency is reduced from 59% to 51%. It is also worth noting that 
in the morning, the auxiliary energy is greater than the load, since the boiler is adding heat to both the 
regenerator and the buffer tanks. This occurs when the outlet temperature of the regenerator is greater than 
the tank temperature, and is typically only observed in the first hour of operation. On this particular day 
the solar utilization was 100%, meaning that all the heat from the array was delivered to the load and none 
was rejected.  
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Fig. 7. Hourly solar LDAC energy for June 29th 2012  
4.2. Winter 2011/2012 solar array testing and simulations  
The solar array was monitored during the winter and spring of 2011/2012. Heat from the collectors 
was automatically diverted to the dry cooler over this period and 40% propylene glycol was used as the 
collector fluid. In an effort to quantify the capacity of the array for space heating, as well as validate the 
solar components of the TRNSYS simulations, a simple TRNSYS model was created which simulated the 
system performance using actual weather data experienced over the eight months of operation. TYPE 71 
was used to model the evacuated tube solar collectors, TYPE 709 to model the pipes, TYPE 511 to model 
the dry cooler, and TYPE 2b was used as the solar controller. Figure 8 shows the monthly incident 
radiation, collected energy, predicted energy and experimental efficiency for the array from October 2011 
to May 2012.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Predicted and collected monthly energy for installed evacuated tube solar array between October 2011 and May 2012 
If it is assumed that the heating load is much greater than the heat provided by the collectors, the entire 
capacity could be used for space heating in a solar combi-system. Over the space heating season 
(October-March) 18,800kWh were collected with an average efficiency of 61% (based on absorber area). 
The TRNSYS estimate is 13% greater than the energy collected this winter (21,260kWh) likely due to 
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snow cover of the collectors, failed vacuum tubes and improper sensor location. It should be noted that in 
March, the collector outlet temperature sensor for the controller was moved inside the header. This 
improved performance as it allowed the array to turn on earlier each morning. It also noticeably improved 
the TRNSYS prediction, since the measured collector temperature was accurate even when the pump was 
not running. For the months of March, April and May, the TRNSYS simulation predicted the actual 
collected energy to within 3%.  When Typical Meteorological Year data for Toronto was used in 
TRNSYS simulations it was predicted that the array would collect 19,900kWh/yr for space heating.  
5. Conclusions  
A solar driven liquid desiccant air conditioner was tested at Queen’s University for five days in June 
and July of 2012. While the machine will be tested for the duration of the summer, preliminary results are 
promising. The average latent cooling power was 13.2 and average total cooling power was 12.3kW. 
Over the days of operation a thermal COP of 0.47 was observed. Solar collector efficiency was 56% and 
solar energy was able to provide 63% of the heat to drive the LDAC. Performance is expected to improve 
as weather gets hotter and more humid. Over the winter (October-March) the solar array was operated 
with a dry cooler. 18,800kWh were collected with an average efficiency of 61%.  
6. Future work  
The solar LDAC will continue to be operated in the summer of 2012 and experimental results will be 
compared to TRNSYS simulations using actual weather conditions to validate models. Validated 
TRNSYS models will then be used to investigate different control schemes including the parallel boiler 
arrangement, and the implementation of variable speed pump control. Additionally desiccant storage will 
be incorporated into the TRNSYS models and then physical system to improve performance and quantify 
the benefits of this potentially promising thermal storage method. Finally, the system will be upgraded to 
improve performance by retrofitting old pumps and fans with new, high efficiency motors.  
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